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@ Monolithic integrated circuit chip for a thermal Ink Jet printhead. 



@ A thermal jet ink printing system is provided 
with an improved printhead. The printhead is 
fonmed by monolithic integration of MOS logic 
elements and drivers onto the same silicon 
substrate containing the resistive elenwnts us- 
ing a nrKKe efficient manufacturing process. In a 
preferred embodiment, the logic switches, logic 
drivers and resistive elements are fonmed from a 
single layer of polysilicon with the resistive 
e!enr>ent fomied on a thermally ^own field 
oxide layer. The integrated circuit chips are 
fomr^d by a MOS fabricatk)n technology which 
uses fewer processing steps than used in exist- 
ing chips, and the resulting chips are thermally 
stable and can be operated at higher logic 
voltages. 
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BACKGROUND OF THE INVENTION 



1. Field of the Invention 



This inv ntion relates to txjbbl ink j t printing 
systen^s and, more particularly, to an Improved inte- 
grated circuit chip for use in a themiial Inkjet printhead 
which contains active driver, logic and resistive heater 
elements and a method for making the chip. 

2. Description of Related References 

Drop-on-demand themial Inkjet printers are gen- 
erally well known, and in such systems a thermal prin- 
thead comprises one or more ink filled channels 
communicating with a relatively small ink supply 
chamt>er and a linear array of orifices, generally refer- 
red to as nozzles. A plurality of themial transducers, 
usually resistors, are located in the channels at a pre- 
detenmined location relative to the nozzles. The resis- 
tors are individually addressed with a current pulse to 
nnomentarily vaporize ttie ink in contact therewith and 
fonm a bubble which expels an ink droplet As the bub- 
ble grows, tiie ink bulges from the nozzle and is con- 
tained by the surface tension of the ink as a meniscus. 
As tiie bubble begins to collapse, the ink between the 
nozzle and bubble starts to vnowe towards the collaps- 
ing bubble, causing a volumetric contraction of the ink 
at the nozzle and resulting in the separation of the 
bulging ink as a droplet The acceleration of the ink out 
of the nozzle whOe the bubble is growing provides the 
momentum and velocity required for the droplet to 
proceed in a substantially straight line direction 
towards a recording nriedium, such as paper. 

In order to generate the resistor current pulses, 
some type of active driver device must be employed. 
Preferably, the driver a'rcuitry should be fonmed on 
the same chip as the resistive elements. It is generally 
known to utilize bipolar or less expensive MOS type 
circuitry as the active driver devices. A typical device 
which utilizes bipolar type circuitry is disclosed in U.S. 
Patent 4.429,321 to Matsumoto. In the Matsumoto 
patent, a liquid jet recording device is disclosed, whe- 
rein a method of fabricating the device is shown which 
incorporates a control unit and a transducer on a 
single substrate. The control unit in this recorder is a 
bipolar type of transistor. A method of doping using 
various implants to create a resistor is shown (see 
Table 1). A base regbn of the bipolar transistor is fab- 
ricated using boron doping. Unfortunately, bipolar 
transistors exhibit destructive thermal run away when 
switching high currents. Therefore, It Is desirable and 
generally more cost effective to have a resistor struc- 
tur which is immediately and simply integrated on the 
san>e wafer witii an accompanying MOS driver. 
Eonexample, U.S. Pat nt 4,947.192 t Hawkins 



sistor and a resistor are f nmed on the same sut>- 
strate. A lightiy doped source and drain layer is 
shown. Th rel vant portions of th disclosure of U.S. 
Pat nt4,947,192 Issued to Hawkins tel., are hereby 
5 incorporated by reference into this speciflcation. 

The Hawkins et al. reference describes the 
importance of combining driver and transducer ele- 
ments on a single chip. Moreover, the reference indi- 
cates the potential for adding logic circuitry capable of 
10 addressing an arbitrarily large number of ink jets with 
minimal electrical connections. Such a nK)nolithk: 
device, having logk: elements, drivers, and transduc- 
ers incorporated therein, would generally require 
added photoresist nuking and miiplant steps to pro- 
fs duce enhancement and depletion nfK>de logic devices. 
While such a structure Is desirable, the added proces- 
sing steps result in potentially higher yield losses and 
manufacturing costs. A device of this type may be 
achieved using a single polysDicon layer, as indicated 
20 by Hawkins et al. Specifically, The source-drain n + 
contacts are doped with arsenic, while polysilicon is 
doped with phosphorous to create low resistivity (25 
n/D) material at the ends of the transducers. Unfor- 
tunately, such a structure would require at least two 
25 additional processing steps to implant the arsenic and 
phosphorous in their respective k)cations. This would 
result in an eleven mask step process to create the 
structure previously disclosed in the Hawkins et al. 
reference. 

30 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present inventron. 
to provide a more reliable nrwnolithic silicon semicon- 

35 ductor integrated chip incorporating MOS transistor 
control k>gic, drivers, and resistive heater elements. 

It is another object of the present invention to pro- 
vide an Improved NMOS fabrication technique so as 
to provide an ink jet printing head that requires less 

40 processing steps in its nnanufacture, and is. therefore, 
more cost effective to manufacture than prior art 
devices. 

It is yet another object of the present inventnn to 
produce, using a self aligned p + implant, a thermal ink 
45 jet printhead having a suppressed power MOS d river 
parasitic bipolar effect 

It is an additional object of the present invention 
to provide a monelithic thermal Inkjet printhead hav- 
ing phosphorous doped source-drain regk)ns and 
50 resistor ends to achieve lightiy doped drain structures 
in tiie logic and driver sections, while simultaneously 
reducing the resistance of tiie resistor ends, thereby 
reducing the parasitic resistance of the resistors. 
It is still anoth r object of the present inv ntbnto 
55 produc . by utilizing a borophosphosilicate reflow 
glass, a nrK)nolithic th mnal ink j t circuit chip having 



et al. discloses a nrtonolithic silicon integrated circuit 
chip for a thermal ink jet printer wherein a MOS tran- 



phosphorous doped source^mlnTe y ioi is a i id k esistor 
ends,ther by reducing th parasitic resistance of th 
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Figure 1 i$ a sch matic perspectrv view f a car- 
riage typ bubble jet ink printing system having a prin- 
thead which incorporates the present invention. 
Figure 2 is an niarged schematic perspectiv 
5 view of the bubble jet ink printing head of Figure 1 . 

Figure 3 is an enlarged, cross-sectional view of a 
prior art silkx)n logic integrated circuit, as disclosed by 
Hawkins et al. in U.S. Patent 4.947. 192. 

Figure 4 is an enlarged, cross-sectk)naI view of 
10 an embodin^nt of the integrated circuft chip of the 
present invention. 

Figures 5a - 5e are enlarged, cross-sectfonal 
views of the process steps for fabricating the Inte- 
grated circuit chip of the present invention. 
15 Figures 6a - 6c are enlarged, cross-sectional 
views of alternate process steps for fabricating the 
integrated circuit chip of the present inventk>n. 

DESCRIPTION OF THE PREFERRED 
20 EMBODIMENT 

The printers whfch make use of thennal ink jet 
transducers can contain either stationary paper and a 
moving print head or a stationary pagewkith printhead 
25 with moving paper. A carriage type bubble jet ink print- 
ing device 10 is shown in Figure 1. A linear array of 
droplet producing ink Jet channels is housed in the 
printing head 1 1 of reciprocating carriage assembly 
29. Droplets 12 are propelled to the recording medium 
30 13 which is stepped by stepper motor 16 a preselec- 
ted distance in the direction of arrow 14 each time the 
printing head traverses in one direction across the 
recording medium In the direction of arrow 15. The 
recording medium, such as paper, is stored on supply 
35 roll 17 and stepped onto roll 18 by stepper orator 16 
by means well known in the art. 

The printing head 1 1 is fixedly nnounted on sup- 
port base 19 which is adapted for reciprocal move- 
ment by any well known means such as by two 
40 parallel guide rails 20. The printing head base com- 
prise the reciprocating carriage assembly 29 which is 
nrK>ved back and forth across the recording medium in 
a direction parallel thereto and perpendicular to the 
direction in which the recording medium is stepped. 
45 The reciprocal nx>vement of the head is achieved by 
a cable 21 and a pair of rotatable pulleys 22. one of 
which is powered by a reversible nr>otor 23. 

The current pulses are applied to the individual 
bubble generating resistors in each ink channel fomrv 
50 ing the array housed in the printing head 11 by con- 



resistors. 

The pres nt invention is ther fore directed to an 
Improved nDonolithk: silicon integrated circuit chip, 
and process for producing the aforementioned nDono- 
lithic devk:e, for us in an Inkjet printing system. More 
particularly, the invention relates to methods by which 
mask and implant steps can be combined to reduce 
the number of critical processing steps, thereby 
reducing the overall cost of such a device. Specifi- 
cally, the present Invention is directed at replacing the 
separate arsenic (As) source-drain and phosphorous 
polysilrcon nnasking and implant steps with a single 
phosphorous nruisked Implant step. Previously, such 
a combination was undesirable, as the phosphorous 
doping of the source-drain contacts caused lateral dif- 
fusnn under the 5 micron (^m) gates during glass ref- 
low. The lateral diffusion of the phosphorous was 
sufficient to cause serious degradation, or even short- 
ing, of the logk: devrces. However, this invention 
includes techniques for reducing the lateral diffusion 
problems. 

The present invention utilizes mettiods of achiev- 
ing a single phosphorous nnasked implant, which are 
directed towards reducing the lateral encroachment of 
the phosphorous doped source-drain contact regbns. 
In one method, a n- drift layer implant is employed to 
compensate for the lateral diffuston of ttie phosphor- 
ous. A second method utilizes a borophosphosOlcate 
glass as the reflow glass to reduce the amount of 
lateral diffusbn of the phosphorous during the reflow 
cyde. Moreover, the combination of the two slightly 
different metiiods produces no deleterious effects in 
the resulting nrranolithic device. 

The present inventbn further eliminates a second 
mask level by self-aligning the boron substrate con- 
tact to the etched vias in the reflow glass layer. The 
self-aligned boron substrate contact makes use of 
boron drflusivity suppression in n+ silkx)n. Areas 
which are desired for substrate contact are shielded 
from the phosphorous n+ implant, leaving the sut>- 
strate doped with the n- drift region. Upon etching vias 
through the reflow glass and oxkje layers, vias to be 
made into substrate contacts have n- drift regions, 
and sources, drains, and gates are n+ doped. Subse- 
quentiy, the self-aligned boron implant is introduced 
through the vias. whera ttie high diffusivity of boron in 
n- regions causes compensation and conversion to 
p-i- regions, as well as. penetration of the n- layer. In 
the n+ regions, t>oron is totally contained within the 
regk)n due to suppression of its diffusivity with in the 
regbn. 

BRIEF DESCRIPTION OF THE DRAWINGS 

F ramorecompi te understanding of th inv n- 55 
lion, detail ed ex ai nple -embediments-feereof-wHl-oow—— 
b described with reference to th accompanying 
drawings, in which: 



nections 24 from a controller 25. The cun-ent pulses 
which produce the ink droplets are generated in res- 
ponse to digital data signals received by ttie controller 
through electrod 26. Th ink channels ar nr^ain- 
tain d full during op ration via hose 27 from ink su(>- 

4)ly.28, 

Figure 2 is an niarged, partially sectioned, 
persp ctiv sch matic of the caniag assembly 29 
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shown in Figur 1. Th printing head 11 is shown in 
three parts. One part is the substrate 41 containing 
th electrical leads and nrK>nollthic silicon semi-con- 
ductor integrated circuit chip 1 10 therein in the region 
1 10A shown in dashed line. The next two parts com- s 
prise the channel plate 49 having ink channels 49a 
and nnanrfold 49b. Although the channel plate 49 is 
shown in two separate pieces 31 and 32, the channel 
plate could be an integral structure. The ink channels 
49a and ink manifold 49b are formed in the channel io 
plate piece 31 having nozzles 33 at the end of each 
ink channel opposite the end connecting the manifold 
49b. The ink supply hose 27 is connected to the mani- 
fold 49b via a passageway 34 in channel plate piece 
31 shown in dashed line. Channel plate piece 32 is a is 
flat member to cover channel 49a and ink manifold 
49b as they are appropriately aligned and fixedly 
mounted on the silicon substrate, in an alternate prin- 
thead configuratk)n (not shown), the nozzles are 
located from channel plate piece 31 to the flat channel 20 
plate piece 32 and at a position directly over the ther- 
mal transducer or resistors to fonm a printhead which 
ejects droplets in a dinectbn nonmal to the resistors. 

The prior art integrated circuit chip 48, shown in 
Figure 3, is formed, to some extent, accordi ng to stan- 25 
dard NMOS process steps but modified in certain res- 
pects, as described in full detaO in U.S. patent 
4,947,1 92 to Hawkins et al.. In order to appreciate the 
process steps required to produce the prior art chip of 
Figure 3. one is refen-ed to this Hawkins et al patent 30 
which has t>een incorporated by reference. Figure 3 
shows an active address chip 48 having an MOS tran- 
sistor switch monolithically integrated on the same 
substrate with the resistor by a fabrication process 
requiring eleven masks. The chip is constructed by 35 
techniques disclosed by Hawkins et al. in U.S. Patent 
4,947,192, the techniques resulting in improved per- 
formance as described therein. 

With respect to the present inventron, integrated 
circuit chip 1 1 0, illustrated in Figure 4. is formed using 40 
a nruxlified NMOS process. The modrficattons, discus- 
sed in detaD below, yield a less complex masking pro- 
cess, thereby resulting in a lower cost nrionolithic 
integrated circuit chip having control logic, drivers, 
and transducers integrated thereon. The chip also has 45 
higher breakdown voltages for the logic devices than 
other prior art devices. Referring now to Figure 4, inte- 
grated circuit chip 110 is divided into 4 types of elec- 
trical elements; viz., logic enhancement element 112, 
logfc depletion element 114. driver 116 and thermal so 
transducer 118. The chip is constructed by modifying 
the techniques used to make the structure of Figure 
3, thereby resulting in a lower cost, higher yield pro- 
cess for producing chips with improved performance. 

As diseased in U.S. patent 4,947,192 but not 55 

-showfMn-thfraGcompanying drawings3P-^tpe.sjljcon 

wafer 146, having front and back surfaces, is proces- 
s d to fomi a thin Si02 lay r n both surfaces, fol- 



lowed by d positk)n of a silicon nitrid making lay r 
over th Si02 lay rs. A first photoresist mask (not 
shown) is applied and patterned over th areas which 
will form th activ nhancementandd plettonmod 
device areas 1 12, 1 14, and 116. The first photoresist 
layer is used to pattern the silicon nitride layer (not 
shown) and then to block channel stop boron implant 
regtons 124 from the active device areas. The patter- 
ned frst photoresist layer is stripped and the Si02 
layer is etched off using the patterned silicon nitride 
layer as a mask. 

Referring now to Figures 5a - 5e in conjunction 
with Figure 4, a field oxide layer 125 is grown at high 
temperature after the boron channel stop implant 124 
is set and the Si02 layer thereover is renwved. 
According to a first aspect of the invention, the field 
oxide layer is at least 1 micron (|im) thick and prefer- 
ably 1.5 pm thick. The pattemed sSicon nitride layer 
and underiying Si02 layer are stripped. Subsequently, 
a 1000 A sacrificial oxide layer (not shown) is grown 
and a second photoresist depletion n^k (not shown) 
is pattemed on the surface of the wafer. The sacrificial 
oxide layer in depletion area 114 is etched off. The 
depletion mask enables the exposure of only the logic 
depletion gate areas in the depletion areas 1 14 to the 
As+ tons for the depletion implant 226. Next, the dep- 
letion mask is stripped, the remaining sacrificial oxide 
layer is etched off and gate oxkle layer 126 is grown 
over the channel areas. Gate oxkJe layer 126 is pref- 
erably about 900 A in thickness. A boron implant is 
conducted through the gate oxide layer and is blocked 
by the field oxide layer 1 25. The wafer 1 46 Is presently 
in the conditton illustrated by Figure 5a, having dep- 
letion implant 226 in depletk>n area 114, and enh- 
ancement boron implants 230 in enhancement and 
driver areas 112 and 116, respectively. Subse- 
quently, a single polysiricon layer 228 of greater than 
4000 A, preferably about 4500 A, in thickness is depo- 
sited and then Implanted with n-type ions, preferably 
phosphorous (P+) ions, to produce n+ polysilicon with 
a sheet resistance between 5 QJU and 5 kn/D, pref- 
erably about 47a/n, as shown in Figure 5a. 

The next step in the process is illustrated in Fig- 
ure 5b. and involves the patteming and etching of the 
polysilicon layer 228 shown in Figure 5a to fonm the 
transistor gates 128 and resistor 129 by the deposi- 
tion and patteming of a third photoresist layer (not 
shown). Subsequently, the photoresist layer is strip- 
ped and n- drift layers 229 are produced by a light, 
self-aligned P+ drift implant (2x10i«/cm3) to produce 
a layer having a sheet resistance between 500 QJO 
and 20 kn/a but, preferably, about 5 kn/D. When 
subjected to the drift implant, the polysilicon remains 
as n+ polysilicon suitabi for the gate and resistor reg- 
k>ns. indicated by ref rence num rals 128 and 129, 
respectively. By s If-aligning th n- drift lay r 229 to 
the polysilteon gate 128. breakdown v Itag can be 
xtended to values in the range of 80 - 90 volts. After 
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the drill implant, a masked phosphorous {?*) implant 
is completed as illustrated in Figure 5c. Specifically, 
the wafer is patterned with a fourth photoresist lay r 
232 to Shi Id notonly portions of th gate and resistor 
polysilicon, but also portions of th und dying source 
and drain contact regions 229. In addition, some of the 
driver source contacts, preferably one in every six, are 
masked to shield them from the phosphorous implant 
These contacts are dispersed about the wafer surface 
to enable p-i- substrate contacts for grounding through 
the top surface of the wafer, thereby eliminating the 
parasitk: bipolar effect generally assodated with 
grounding through the bottom surface of the wafer. 
Having photoresist layer 232 applied, the wafer is 
again exposed to a phosphorous implant, this one for 
the source-drain contacts. The unmasked regions of 
polysilicon thereby becoming nfK)re highly doped with 
phosphorous ions. Referring to F^ure 5d, the unmas- 
ked regk)ns of the underlying wafer fomiing highly 
doped source-drain regions 130, having a sheet resi- 
stance of between 15 Q/n and 30 n/D. while those 
regk>ns of the wafer covered by the fourth masking 
layer 232 remain as lightly doped source-drain reg- 
ions, 132. In additton, the unmasked portions of the 
transducer element polysilicon region also become 
more highly doped with P+ ions, thereby nuking the 
ends, 234 and 236, of the resistor polysilicon layer 
129 more conductive than the inner portion of the 
layer 238. This eventually results in a nrK>re efHcient 
resistor configuration as the "hot" portton of the resis- 
tor, area 238, is concentrated where the heat will be 
nnost efficiently dissipated to the ink. Moreover, the 
contact regions 234 and 236 on the end of the resistor 
will remain cooler, thereby prolonging the life of the 
contacts. 

After the phosphorous source-drain implant, 
shown in Figure 5c, the fourth photoresist layer 232 is 
stripped and the wafer is cleaned. Following the 
growth of a protective oxide layer (not shown) over the 
polysilicon and source-drain regions, a glass layer 
244 is deposited and reflowed across the entire sur- 
face of the wafer. The glass is preferably a 7.5% phos- 
phosilicate glass (PSG) that is deposited in a 90 
minute reflow cyde at a temperature of about 1 0OOX. 

Alternatively, the glass may be a borophosphosi- 
licate glass (BPSG), because it can be reflowed at a 
lower temperature and shorter time, thereby eliminat- 
ing the problem of lateral diffusion of the phosphorous 
in contacts 130 into the channel regions beneath the 
gates. Moreover, PSG tends to loose phosphorous by 
evaporation during reflow, resulting in a lower phos- 
phorous content along the upper surface of the reflow 
layer 244. During etching, the lower phosphorous 
content areas etch nrujch nrK>re slowly, causing etched 
vias 242 to hav sharp corners. BPSG how ver, does 
-not-^uffef-frern-this-pfaosphorous loss-prQblem,and^ 
th refore, produces smooth r more gradually sloped 
vias which are more desirable. 



Sut>sequenttoth glass reflow cyde, th waf ris 
again patt m d with a frfth photoresist lay r (not 
shown) t enabi wet etching fth contad vias 242. 
Wet tching is used to reduce del t rious effects to 

5 pdysilrcon layer 1 29, in transducer regton 1 1 8, which 
is also re-exposed by the etch process. After wet etch- 
ing the glass and source-drain oxide layers, the fifth 
photoresist layer is stripped, resulting in the structure 
illustrated in Figure 5d, having vias 242 present in 

10 glass layer 244, to provide access to the source-drain 
contacts and/or pdysilkx)n regions. 

Once vias 242 are etched through glass 244 and 
the oxide layers exposing wafer 146. they form the 
patteming mechanism for the subsequent self-^lig- 

15 ned boron implant as illustrated in step 5e. After the 
boron (B-i-) implant, the wafer is deaned and the 
implant is activated by heating the wafer to about 
1000 °C for a 30 minute period, during which sonrie 
reflow of the glass within the vias w9l occur. The fol- 

20 lowing processing steps directed towards completion 
of the transducer structure, contad circuitry, and pro- 
tection layers are sfiown in Figure 4, where a Si3N4 
layer 138 is deposited over the wafer surface, fol- 
lowed by a Ta layer 136. The Tantalum layer is then 

25 patterned using a sbcth photoresist layer (not shown) 
and etch procedure, leaving the tantalum layer 136 
only over the operative resistor region of transducer 
118. Subsequently, the sixth photoresist layer is strip- 
ped and the Si3N4 layer is etched, using the Tantalum 

30 layer as a mask for the underiying S\jt4^ layer 138. 
Following a deaning operation, aluminum metallh 
zatbn is applied and patterned with a seventh photo- 
resist layer (not shown) to form interconnedtons 140, 
142, and 144 to the logk;, driver and transducer ele- 

35 ments on the wafer, respedively. The wafer Is then 
deaned and protective layers of Si02, and optionally 
Si3N4, are deposited and subsequentiy patterned witii 
an eighth photoresist layer prior to etching to expose 
the thermal transducer 1 18 and integrated drcuit con- 

40 tad pads (not shown). Subsequentiy, a thick film 
pdyimide layer (not shown) is deposited over all reg- 
k)ns of the wafer and patterned with a ninth photores- 
ist layer, and subsequent etch, to delineate the central 
portions of the Ta layer 136 over tiie transducer, thus 

45 pladng them in pits (not shown), and integrated circuit 
contad pads. 

The use of a set-back source-drain photoresist 
pattern 232 enables the elimination of one photoresist 
patteming and etch process, by eliminating the need 

50 for an additional arsenic implant Furthermore, the 
use of the self aligned boron implant, illustrated in Fig- 
ure 5e, eliminates the need for a boron implant pat- 
teming operatk)n. The above process eliminates two 
patteming operati ns from th previously required 

55 el ven mask process disdosed in US 4,947,192. 
These patt minq operations are xtremelycostinten- 
siv and the elimination f two mask I vels results irf 
cost savings f approximately twenty percent over th 
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process pr viously used for thermal ink jet printhead 
chips. 

In an alternate embodinnent, th aforedescribed 
arsenic and phosphorous masking and implant st ps 
which were combined into a single phosphorous mas- 
ked implant step utilizes the lower temperature pro- 
cessing enabled by the borophosphosiricate glass 
(BPSG). thereby allowing the use of self-aligned 
phosphorous contacts in the logic sections of the chip. 

Figures 6a - 6c illustrate the process nrK>drfi- 
catnns to the process steps delineated in Figures 5a 

- 5e which are enabled by use of the BPSG reflow in 
place of the PSG reflow illustrated in Figure 5d. This 
alternate fabrication process is identical with the 
above described invention through the process step 
of Figure 5b. Refening now to Figure 6a. the photo- 
resist n^k 332 has been modified from mask 232 in 
Figure 5c to expose the lightly doped source-dratn 
Fegk>ns 132 of Figure 5D to the phosphorous source- 
drain implant Subsequent to the phosphorous 
implant, the borophosphosilicate glass 344 is ref- 
lowed over the surface of the wafer for a period of 
about 30 minutes, and at a temperature of about 
950*'C. The k)wer temperature and shorter tone period 
substantially limits the lateral dtffusk>n of the phos- 
phorous in the channel regions 226 and 230. Next, 
patteming and etch procedures are applied to BPSG 
layer 344 to produce vtas 342 therein, exposing the 
wafer surface through thermal oxkje layer 340 as illus- 
trated in Figure 6b. The resulting vias 342 provide 
access to the source-drain contact regk>ns 130. More 
importantly, use of BPSG, and the reduced time of the 
reflow cycle further reduces or eliminates the require- 
ment for the set-back of the source-drain contacts 
130, and n- drift layer 132, as illustrated in Figure 5c 

- 5e. Accordingly, use of BPSG alone enables the pro- 
duction of electrical contacts having junction depths 
comparable to those achieved with the prior art 

As in the previously discussed process in Figures 
5a to 5e, some of the driver source contacts, prefer- 
ably one in every six, are masked to shield them from 
the phosphorous implant These contacts are dis- 
persed at)out the wafer surface to enable p+ substrate 
contacts for grounding through the top surface of the 
wafer, thereby eliminating the parasitic bipolar effect 
generally assodated with grounding through the bot- 
tom surface of the wafer. The ground contacts, includ- 
ing every sixth source contact in the driver section, are 
completed by doping contacts with a self-aligned 
boron implant as shown in Figure 6c using the patter- 
ned BPSG as a mask In this step, the BPSG acts as 
the patteming mechanism for the boron substrate 
contact implant Sut>sequently, the wafer is cleaned 
and the implants are activated by an additional heat- 
ing cyd of approximately 30 minutes at about 900 
**C. Foltowing tii impiani acrivatt oii step , U ie w afer 
would be completed as previously described in Figure 
4, by producing the silicon nitrid transducer Insulator 



and tantalum surface layers, depositing and patt m- 
ing th aluminum contact layer, and subsequently 
coating th renr\ainder of the waf r with patterned 
layers 0fSi02,Si3N4. and polyimkl .The us of BPSG 

5 as the reflow glass also enables the elimination of one 
photoresist patteming and etch process, by eliminat- 
ing the need for the separate arsenk: implant Further- 
nrKHB, the use of the self aligned boron implant, 
illustrated in Figure 6c, eliminates ttie need for a t>oron 

10 implant patteming operation. Ultimately, PDOdification 
of the process in the manner descrit>ed wfll also elimi- 
nate 2 patteming operation from the prkM* art eleven 
mask process. 

In addition, the use of phosphorous, well knowfor 

15 its ability to suppress aluminum-silicon reactions at 
contacts, would result in a significant reductnn in 
junction spiking in the contact regk)ns. 

The two methods whkih have just been discussed 
denDonstrate that logic and driver elennents can be 

20 simultaneously fabricated with the resistive trans- 
ducer elements using a reduced nnask/implant step 
process. Addition of the logic circuitry enables the 
further reduction in interconnections whk:h t>ecomes 
important for interfacing to large arrays. The NMOS 

25 \og\c circuits are added by including depletion mode 
photoresist masking and implant process steps in the 
fabrication sequence so that normally on and nor- 
mally off devices are available to fonm logic gates. The 
polysilrcon whrch is used to fonm the resistor elements 

30 and gates of drivers is simultaneously used to form 
the gates of the logic circuit elements. 

Generally, reduction in the mask steps required to 
produce the nrronolithic integrated circuit for the ther- 
mal ink jet printing niodule would serve to reduce the 

35 cost of the module. More specifically, by eliminating 
two of the eleven mask steps, cost savings in the 
range of twenty percent can be achieved in the inte- 
grated circuit Therefore, the present inventfon rep- 
laces the separate arsenic (As) source-drain and 

40 phosphorous polysilicon masking and implant steps 
with a single phosphorous masked implant step. In 
addition, by using a self-aligned boron source-drain 
implant, an additional mask step is eliminated, result- 
ing in a more efficient nine mask step process. 

45 Many modifications and variations are apparent 

from the foregoing description of the inventk)n and all 
such nrK)difications and variations are intended to be 
within the scope of the present invention. 

50 

Claims 

1 . A nnethod of fabricating a thermal Ink jet printing 
nfKxlul having a mon lithic integrated circuit 
55 which contains logic, driver and resistor lem nts 

on-the-surface-of-a-conamQn -silicon waf r. conr>- 

prising the steps of: 

(a) forming pattem d polysilicon gate regions 
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n the gate xtd layer disposed on th sur- 
face of th waf r, said gate regions defining 
gat chann Is in th wafer thereunder; 

(b) forming, in conjunction with said patt med 
polysilicon gat regions, patterned polysil icon s 
resistor regions on the field oxide layer dis- 
posed on the surface of the wafer; 

(c) forming self-aligned n- drift layers beneath 
all non-patterned gate oxide regions, while 
simuttaneously doping the polysilicon resistor 10 
regions, said seif-aligned drift layers being 
defined by the polysilicon gate regions previ- 
ously deposited on the wafer, 

(d) masking those regions desired to remain 

as n- drift layer implants, said n- drift layers 15 
preventing lateral difuision of ^-^/p8 dopants 
into the gate channels; 

(e) forming n+ contact regions in ail non-mas- 
ked regions, said n-i- contact regions acting in 

con ju nction with adjacent n- drift layers to pro- 20 
vide a low resistivity path to the gate channel; 
and 

(f) simultaneously doping the ends of the 
polysilicon resistor regions to produce 
localized areas of lower resistivity, said 25 
localized areas to be used as the contact reg- 
ions for the resistor elen^nts. 

2. The method of claim 1 , wherein: 

the layer of polysilicon fonmed in step (a) 30 
for the gate regions is about 4500 A in thickness; 
and 

the layer of polysilicon formed in step (b) 
for the resistor regions is about 4500 A in thick- 
ness, said resistor regton polysilteon layer having 35 
a sheet resistance of about 47^ /□ accomplished 
by implanting said polysilicon layer with phos- 
phorous. 

3. The method of daim 1 , wherein the n- drift layers 40 
fonmed in step (c) and the n + contact regions for- 
med in step (e) are fonmed by the implantatk)n of 
phosphorous tons. 

4. The method of producing the logk;, driver and 45 
resistor elements on the wafer according to daim 

1, wherein the method further comprises the 
steps of: 

(g) reflowing a glass layer over the sur^ce of 

the wafer su bsequent to the step of doping the 50 
ends of the polysilicon resistor regk)ns to pro- 
duce localized areas of lower resistivity at step 

(t); 

(h) tching the reflow glass to produce vias 
which xtend therethrough t th source-drain 55 

and resistor contact regions; 



(i) doping the xposed source-drain ana resis- 
tor contact with a boron implant; and 



(j) subsequ ntly activating th boron implant 

5. Th method according to daim 4, wherein th dis- 
tance of which said n- drift layer masking xtends 
lat rally from th gat regions is a fun ctk>n of the 
tinoe and temperature of subsequent glass reflow 
operations. 

6. The method according to daim 4, wherein sakl 
reflow step utilizes a 7.5 percent phosphosilicate 
glass, which is reflowed for a period of atXHJt 90 
minutes at a temperature of about 1000 ""C. 

7. The method according to daim 6, wherein said n- 
drift layer masking at step (d) extends parallel to 
the surface of the wafer for a distance of about 2.5 
^m from the outer edges of the gate channels. 

8. The method according to daim 4, wherein sakJ 
reflow step utilizes a borophosphosilicate glass, 
which is reflowed for a period of about 30 minutes 
at a temperature of about 950 °C. 

9. The method according to daim 4, wherein saki 
boron implant activation at step (j) is acconrv 
plished by heating the wafer to a temperature of 
approximately 1000 °C for a period of about 30 
minutes. 

10. I n the productton of a monolithic integrated drcuit 
for use in a thenmal Inkjet printing module which 
contains logic, driver and transducer elements on 
the surface of a common s 3 icon substrate, sakj 
transducer elenr^nts having n- drift layer 
implants, the method of produdng the n- drift 
layer implants on a substrate having pattemed 
channel stop implants present therein and field 
and gate oxkle layers disposed on a surface 
thereof, comprising the steps of: 

forming pattemed polysilicon gate regions 
on the gate oxide layer disposed on the surface 
of the substrate, said gate regk)ns defining gate 
channels in the substrate thereunder and source- 
drain contact regk)ns located adjacent said chan- 
nels; 

fonming, in conjunction with said pattemed 
polysil k:on gate regions, pattemed polysOicon 
resistor regions on the field oxkie layer disposed 
on the surface of the substrate; 

simultaneously doping, with phosphorous, 
said polysilicon resistor and gate regk>ns to 
achieve a predetenmined level of resistivity the- 
rein; 

masking spedflc polysilicon areas desired 
to remain at the pred t nriin diev I f resistivity; 

subs qu ntly doping, with phosphorous, 
the exposed poly sHicon and s i l icon - substrate 
layers to produce logic and drtv r elem nt sour- 
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ce-drain contact regions and lower resistivity 
polysillcon resistor contact regions; 

sut>sequently r flowing a borophosphosili- 
cate glass ov r the surfac of the substrate to 
substantially cover the surface thereof; s 

etching the reflow glass to produce vias to 
the source-drain and resistor contact regions. 



11. The method according to claim 10, wherein the 
borophosphosnicate glass is reflowed at a tenv 
perature of about 950 °C for a period of about 30 
minutes. 
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12. An Improved nrwnolithic thermal Inkjet integrated 
circuit chip formed from a single silicon substrate is 
for use In a thermal ink jet printhead. said chip 
having active logic, drivers, and transducer ele- 
ments formed thereon which are covered by a ref- 
low glass, the glass being reflowed during a 
process wherein the chip with the glass is heated 20 
at a predetenmined temperature for a predeter- 
mined period of tirrte, wherein the improvement 
comprises: 

logic and drivers containing n channel 
devices with phosphorous doped n -t- source and 25 
draining contacts, and 

means for preventing lateral encroach- 
ment of the phosphorous from the contacts into 
the n channels of the devices during the glass ref- 
low process. so 

13. The improved integrated circuit chip of daim 12, 
wherein the means for preventing lateral 
encroachment is n- drift layers formed between 

the n channels and the source and drain contacts. 35 

14. The improved n>onolithic then^al ink jet Inte- 
grated circuit chip of daim 12, wherein the reflow 
glass is a borophosphosilbate glass (BPSG); and 
wherein the means for preventing encroachment 40 
of the phosphorous Into the channel is the lower 
time and temperature required by the BPSG, 
thereby eliminating the need for n- drift layers. 

15. A monolithic integrated drcuit chip having active 45 
logic, drivers and thermal transducers for use in 

a thermal Inkjet printhead, comprising: 

polysilicon resistors for the thermal trans- 
ducers, the polysilicon resistors having a center 
portion for transfem'ng heat energy and end por- so 
tions which interface with electrical signal apply- 
ing electrodes, the end portions having lower 
resistivity than the center portion, so that the ends 
which ar susceptible to th mnal dan^ge are 
cool rand thus provid a chip which has a longer ss 

life-and-whfch hasjiKJceJfaerroally^fficient-teDgi 

ducers; and 



devices witii phosphorous n + source and drain 
contacts which are passivated by a refi w glass. 

16. The chip of daim 15, wherein th contacts are 
self-aligned p + contacts. 

17. The chip of daim 15, wherein the logic is NMOS. 

18. The chip of daim 15, wherein the logic is CMOS. 

19. A nr>ethod of fabricating a thermal Inkjet printing 
nuxlule having a monolithic integrated drcuit 
which contains logic, driver and resistor elements 
on tiie surface of a comnran sDicon substrate, 
comprising the steps of. 

(1) fbnming a thin oxkie layer on a planar sur- 
face of the silicon substrate; 

(2) patteming the surface witii a first photores- 
ist layer, thereby produdng masked and 
unmasked regions on the surface thereof; 

(3) depositing an Insulating layer on Uie 
unmasked regions of the insulating layer; 

(4) stripping sad first photoresist layer, 
thereby exposing the underlying thin oxide 
layer beneath the masked regions; 

(5) Ion implanting the silkx>n substrate through 
the thin oxide layer to produce channel stops 
in the silicon beneath regions prevkxjsly mas- 
ked by photoresist layer one; 

(6) etching the thin oxide layer to expose the 
silicon substrate below; 

(7) growing a field oxide layer on the exposed 
silicon surfaces; 

(8) stripping the insulating layer deposited in 
step c and the underiying thin oxide layer, to 
expose the underiying silicon substrate; 

(9) forming a sacrifidal oxide layer over the 
substrate surfaces exposed In step h; 

(10) patteming ttie substrate with a second 
photoresist layer, wherein the unmasked por- 
tions bounded by said second photoresist 
layer define the depletion logic regtons of the 
underiying substrate; 

(11) ion implanting the depletion logic regions 
of ttie substrate with a n-type depleton mode 
dopant; 

(12) stripping said second photoresist layer, 
and etching the sut>strate to remove the sac- 
rifidal oxide layer and expose the silicon sut>- 
strate therebelow; 

(13) forming a gate oxkie layer on the exposed 
silicon substrate; 

(14) ion Implanting the substrate surface witii 
a p-typ dopant to produce a p-type enhance- 
ment nKKj Implant; 

(15) d positing a singi polysilicon lay rover 



logic and driv rs containing n channel 



th surface of the substrate; 

(16) ion Implanting said pdysilic n lay r with 
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n-typ i nst reduc th sheet resistance of 
said polysilicon layer. 

(17) patterning th polysOicon layerwith a third 
photoresist lay r.th n^sk d regions defining 

gat and resistor s miconductive polysilicon 5 
regions and the unmasked regk)ns being sub- 
sequently etched away, whereby said gate 
polysilicon regions further define gate chan- 
nels therebelow, within the silicon substrate, 
and whereby said polysOicon resistor regions io 
are disposed on the upper surface of the field 
oxide layer; 

(18) stripping said third photoresist layer, 
thereby exposing the underlying polysilicon 
gate and resistor regfons; is 

(19) lightly implanting n-type tons in the sub- 
strate surface, thereby producing self-aligned 
drift layers within the silicon between the 
channels and the channel stops; 

(20) patteming the substrate with a fourth 20 
photoresist layer, said layer thereby masking 
portions of the gate and resistor polysilicon 
regions and portions of said drift layers; 

(21) ion implanting the the substrate surface 

with an n-type dopant, thereby producing n-ty- 25 
pe contacts within the unmasked silicon reg- 
ions and producing lower resistivity regions in 
the unmasked polysOicon layer. 

(22) stripping said fourth photoresist layer to 
expose the underiying slicon and polysilicon 30 
layers; 

(23) cleaning the upper surface of the sub- 
strate; 

(24) growing a protective oxide layer over the 
upper surface of the substrate; 35 

(25) reflowing glass over the upper surface of 
the substrate to form a glass layer thereon; 

(26) patteming the glass layer with a frfth 
photoresist layer placed thereon, said photo- 
resist layer creating both nr^sked and unmas- 40 
ked areas on the glass surface; 

(27) etching the unmasked areas of the glass 
surface to remove the underiying glass and 
protective oxide layers, thereby creating vias 
within the glass layer, sakl vias extending 45 
through the glass and oxide layers to the n-ty- 
pe contacts therebelow; 

(28) k)n implanting the surface of the substrate 
with a self-aligned p-type dopant to convert 

the n-type contacts to source-drain contacts; so 

(29) cleaning the surface of the substrate; 

(30) activating the source-drain contacts by 
thermally treating the substrate; 

(31) applying a contact n^etal layer to ttie sur- 
face fth substrate, sakl metal lay r xtend- 55 

i ng t hroug h-said-vias-te-prsvide-elecfaFical 

contact to the source-drain contacts; 

(32) patteming tiie contact metal layer witii a 



sixth photoresist lay r, sakl sixtii photoresist 
lay r creating masked and unmasked areas 
on th und riying contact metal layer; 

(33) etching th contact m tal layer to remove 
the unmasked areas, thereby leaving only the 
masked areas to form contacts and a'rcuit 
interconnections for the logk;, driver and resis- 
tor elements; 

(34) stripping the sixth photoresist layer; 

(35) depositing a second insulating layer over 
the surface of the substrate; 

(36) depositing a protective metal on top of tiie 
second insulating layer; 

(37) patteming sakl protective nnetal layerwith 
a seventh photoresist layer, said seventti 
photoresist layer having masked areas 
located over the central portion of sakl polysi- 
licon resistor regions; 

(38) etching said protective metal layer, 
thereby exposing the the second insulating 
layer thereunder; 

(39) stripping the seventh photoresist layer io 
expose the protective metal layer located over 
the central portton of said polysilicon resistor 
regions; and 

(40) etching said second insulating layer while 
using said protective metal layer as a nnask, to 
remove all of the second protective layer 
except for that portion of the layer located over 
the central portion of said polysilicon resistor 
regions, sakl sut)strate now having a mono- 
lithk: circuit disposed thereon; 

(41) depositing a protective oxide layer over 
the surface of the substrate; 

(42) patteming said protective oxide layer witii 
an eighth photoresist layer to expose at least 
the central portion of the resistor region; 

(43) depositing a polylmide layer over the 
entire surface of the substrate; and 

(44) patteming said potyfrnkle layer with a 
ninth photoresist layer to to expose at least the 
central portion of the resistor region. 
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